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Detection of Cryptosporidium oocysts in water 
and environmental concentrates 
H. V. SMITH 
Scottish Parasite Diagnostic Laboratory, Stobhill NHS Trust, Glasgow G21 3UW, UK 
Whilst current methods for the isolation and enumeration of Cryptosporidium spp. oocysts in 
water have provided some insight into their occurrence and significance, they are regarded as 
being inefficient, variable and time-consuming, with much of the interpretation being left to the 
expertise of the analyst. Two expectations of novel developments are to reduce the variability 
and subjectivity associated with the isolation and identification of oocysts. Flocculation, 
immunomagnetisable and flow cytometric techniques, for concentrating oocysts from water 
samples, should prove more reliable than current methods, whilst the development of more avid 
and specific monoclonal antibodies in conjunction with the use of nuclear fluorochromes will 
aid identification. Further insight into the viability, taxonomy, species identification, infectivity 
and virulence of the parasite should be forthcoming through the use of techniques such as the 
polymerase chain reaction, in situ hybridisation and non-uniform alternating current electrical 
fields. Such information is necessary in order to enable microbiologists, epidemiologists, 
engineers, utility operators and regulators to assess the safety of a water supply, with respect to 
Cryptosporidium contamination, more effectively. 
Introduction 
Once thought to be a rare and opportunistic infection of man, the protozoan parasite 
Cryptosporidium has been shown to be a significant cause of diarrhoeal illness in human beings 
within the last two decades. Currently one of the most common pathogenic parasitic infections 
in the UK, Cryptosporidium is responsible for outbreaks of diarrhoeal illness in travellers, 
children's day care centres, the immunocompromised, and persons exposed to contaminated 
drinking water. At least six species of Cryptosporidium have been described, of which C. 
parvum (Tyzzer 1912) is recognised as the aetiological agent of disease in both susceptible 
human beings and domesticated mammals. The life cycle is completed in an individual host 
(Fig. 1), and the auto-infective stages of the life cycle ensure that susceptible individuals release 
large numbers (up to 1010) of the transmissive stages (the oocyst) in their faeces. 
Epidemiological studies indicate that humans can acquire the infection from a variety of 
sources, including other infected hosts (Casemore 1991), and that oocysts of human origin are 
infective to numerous other mammals (Fayer & Ungar 1986). The broad host range exemplified 
by C. parvum, together with the high output of infective oocysts from numerous mammalian 
hosts, ensure a high level of environmental contamination. Oocysts from humans, present in 
sewage discharges, from livestock, present in liquid farm wastes, runoff and muck from 
agricultural land, and from endemic infection of indigenous mammals in a watershed, will 
contribute to the level of waterborne oocysts which are potentially infectious to man (Smith & 
Rose 1990; Smith et al. 1995). Agricultural practices such as the spreading of muck and slurry 
at inappropriate times, discharge of oocyst-contaminated dirty water to land or to water courses, 
and pasturing of livestock in land adjoining water sources, can increase the likelihood of 
oocysts entering the aquatic environment (Smith et al. 1995). 
Figure 1. The life cycle of Cryptosporidium sp. (Reproduced with permission from Smith & Rose (1990) 
in Parasitology Today, 6, 8-12). 
The infectious stage of the protozoan parasite is the resistant, sporulated oocyst (bottom left). When the 
occyst is ingested it releases sporozoites in the small intestine (top left). Each sporozoite can infect a 
columnar epithelial cell, becoming embedded at the base of the microvilli, and starts the asexual cycle. 
The parasite differentiates into the intracellular trophozoite. This transforms into the schizont, which 
produces eight merozoites. These leave the host cell and can infect other cells in the intestine, repeating 
the asexual cycle (top right). Alternatively, a merozoite can differentiate into either a microgametocyte or 
a macrogametocyte. Microgametocytes produce microgametes which burst out of the host cell and 
fertilise a macrogametocyte - still within its host cell - forming a zygote (bottom and centre). The zygote 
sporulates, secretes an impervious outer wall and becomes a thick-walled oocyst before entering the 
lumen of the intestine. 
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Transmission can occur via any route by which material contaminated with viable oocysts 
excreted by an infected host can be ingested or inhaled. The number of viable oocysts required 
to initiate infection is thought to be small. A recent human volunteer study indicated that the 
ID50 for C. parvum is 132 oocysts, although infection occurred in 18 of 29 (62%) volunteers 
ingesting 30 oocysts or more of an Iowa strain of C. parvum. (DuPont et al. 1995). Miller et al. 
(1990) found that 10 oocysts produced infection in two out of two infant non-human primates 
tested, whilst Blewett et al. (1993) demonstrated that five oocysts produced disease in 
gnotobiotic lambs. 
The potential for the transmission of Cryptosporidium infection by consumption of 
contaminated drinking water has, in the last 11 years, been recognised as a significant public 
health problem. Waterborne outbreaks traced to the contamination of drinking water by both 
human and animal faeces have been reported from the USA and the UK (Smith & Rose 1990; 
Anon 1990a; Robertson et al. 1994; Lisle & Rose 1995). Cryptosporidium, which is resistant to 
standard water disinfection practices, has been implicated in at least thirteen waterborne 
outbreaks affecting over 418,000 individuals (Robertson et al. 1994; Lisle & Rose 1995). The 
largest waterborne protozoan outbreak was attributed to Cryptosporidium, in Milwaukee, 
Illinois, USA, in 1993, affecting an estimated 403,000 people (MacKenzie et al. 1994 and see 
pp. 139-141 in this volume). This outbreak resulted in the death of 104 out of 403,000 cases 
(MacKenzie et al. 1994), and the direct cost was estimated at $53 million and $100 million in 
loss of life. It appears that the main reasons for such outbreaks have been water treatment 
irregularities or, to a lesser extent, post-treatment contamination of potable water supplies. In 
the UK, the concern expressed about waterborne transmission of crytosporidiosis resulted in the 
Government establishing an Expert Group under the chairmanship of the late Sir John 
Badenoch, to review the epidemiology of the disease and to give advice on the protection of 
potable water supplies in the UK. Both the initial Report of the Group of Experts (Anon 1990a) 
and the Second Report of the Group of Experts (Anon 1995) have now been published. 
The isolation and enumeration of waterborne Cryptosporidium oocysts: current methods 
Great impetus was given to the study of waterborne protozoan parasites following the 
development of large-volume filtration techniques for concentrating waterborne Giardia cysts 
from several hundred litres of water (Jakubowski & Ericksen 1979), which were later applied to 
the isolation of Cryptosporidium oocysts (e.g. Rose et al. 1986, 1988; Musial et al. 1987; 
Ongerth & Stibbs 1987; Smith et al. 1989a; Anon 1990b, 1994). A further thrust was provided 
by the development and production of fluorescence-labelled polyclonal and monoclonal (mAbs) 
antibodies which enhance our abilities to detect and identify oocysts in water concentrates (e.g. 
McLaughlin et al. 1987; Arrowood & Sterling 1989; Rose et al. 1989; Smith et al. 1989b). 
No UK provisional recommended method existed for the detection of waterborne protozoa in 
water-related samples prior to 1990. In the interests of standardisation and in response to the 
first documented waterborne outbreak of cryptosporidiosis in the UK (Smith et al. 1989c), 
methods for the isolation and identification of Cryptosporidium oocysts and Giardia cysts in 
water and water-related samples, modified from the method described by Jakubowski & 
Ericksen (1979), were developed at the Scottish Parasite Diagnostic Laboratory (SPDL) 
(Gilmour et al. 1989; Smith et al. 1989a). They differed primarily both in the use of a washing 
machine to elute cysts and oocysts from teased yarn-wound polypropylene cartridge filters and 
in the use of 4-well microscope slides onto which aliquots of water concentrates were deposited 
prior to fluorescent antibody staining and oocyst identification. Following minor modifications, 
these methods were incorporated into the Department of the Environment's Standing 
Committee of Analysts (SCA) "Methods for the Examination of Waters and other Associated 
Materials" book (Blue Book) (Anon 1990b). 
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With the advent of such methods a number of studies, conducted in a variety of countries, 
have shown that Cryptosporidium is a common inhabitant of surface water, groundwater, 
sewage discharges and, to a lesser extent, treated, disinfected potable water (e.g. Ongerth & 
Stibbs 1987; Rose et al. 1987, 1990; Smith & Rose 1990; LeChevallier et al. 1991a,b; Smith et 
al. 1991; Anon 1992; Grimason et al. 1992; De Leon et al. 1993; Payment & Franco 1993; 
Roach et al. 1993; Ahmad 1995; Hutton et al. 1995; Crabtree et al. 1996; Karanis & Seitz 
1996). 
Neither conventional water nor wastewater treatment processes can guarantee the complete 
removal and inactivation of oocysts and this has led to a degree of concern amongst water and 
wastewater undertakers. The presence of oocysts in water used for the abstraction of drinking 
water and potable water does not necessarily signify that consumers of that water will contract 
cryptosporidiosis. Both the viability of the oocysts and the immune status of the community 
(herd immunity) play crucial roles in determining whether outbreaks occur. Inactivated oocysts, 
incapable of causing infection, have little public health significance when detected in drinking 
water. 
Isolation and concentration of oocysts 
The concentration and identification of oocysts by fluorescence microscopy, following large 
volume filtration, is a tedious and time-consuming procedure, often with a variable and 
frequently poor recovery efficiency, especially in turbid waters (Smith et al. 1993; Fricker 
1995). Whilst clarification of oocysts from the sample, by sucrose flotation, is recommended for 
turbid samples (Anon 1990a) and can yield higher recoveries, Bukhari & Smith (1995) demon-
strated that clarification by sucrose flotation can also lead to reduced recovery efficiencies. 
According to these workers, recovery efficiencies were dependent on the proportions of viable 
and non-viable oocysts in the oocyst population studied. Oocyst clarification by sucrose 
flotation produced recoveries ranging between 24 and 65%, and the method exerted a significant 
effect on the viability of the population of oocysts recovered. Viable oocysts were more likely 
to float on the sucrose solution and non-viable oocysts were more likely to pass through into the 
pellet, following centrifugation. These data may account, to some degree, for the variable 
results obtained with sucrose flotation, in that, if oocysts in a water concentrate are 
predominantly viable, the method can be deemed to be effective, whereas if oocysts in a water 
concentrate are predominantly non-viable, the method is deemed to be ineffective. 
Alternative sampling and concentration methods have been published, including membrane 
filtration and flocculation of smaller volumes (10 to 20 litres) of water (Ongerth & Stibbs 1987; 
Vesey et al. 1993), with recovery efficiencies ranging from 20% to more than 70%. Again, 
these procedures require a concentration step, either centrifugation or flocculation and 
centrifugation, and an identification step based upon fluorescence microscopy. The method of 
Vesey et al. (1993) is of interest in that it uses 10-litre grab samples, flocculation with calcium 
carbonate, separation of fluorescent oocysts by flow cytometry and their subsequent 
enumeration by fluorescence microscopy. The frequency with which the benefits and limitations 
of current methods have been addressed is testimony to the lack of confidence that water-utility 
microbiologists and researchers have in these published methods 
The occurrence of Cryptosporidium in water is largely underestimated due to limitations in 
the recovery and detection of oocysts. Overall recovery efficiencies range from 9% in river 
water (Ongerth & Stibbs 1987) and 59% to more than 70% in tap water (Rose et al. 1986; 
Smith & Rose 1990; Vesey et al. 1993). 
Identification of oocysts by labelled antibodies 
In suspension, C. parvum oocysts are smooth, thick-walled, colourless, spherical or slightly 
ovoid bodies containing, when fully developed (sporulated), four elongated, naked (i.e. not 
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within a sporocyst(s)) sporozoites and a cytoplasmic residual body when viewed under 
Nomarski Differential Interference Contrast (DIC) microscopy. The modal size measurement of 
C. parvum oocysts is 4.5 x 5.0 μm (range 4 to 6 μm). 
Identification of oocysts, using commercially-available fluorescein isothiocyanate (FITC)-
labelled anti-Cryptosporidium monoclonal antibodies (FITC-CmAbs), by fluorescence 
microscopy, is dependent on the antibody paratopes binding to surface-exposed oocyst epitopes. 
The fluorescence seen defines the maximum dimensions of the oocyst, and such a fluorescent 
object can be measured accurately. Determining whether a fluorescent object of the correct size 
and shape is an oocyst is reliant upon the identification of internal contents, using the criteria 
outlined above, by Nomarski DIC microscopy. A major drawback of using DIC microscopy is 
that debris in the sample concentrate can mask all or part of an oocyst, and where putative 
oocysts are obscured by debris, DIC microscopy becomes of limited use. Whilst fluorescent 
mAbs have greatly enhanced our ability to detect oocysts, no commercially-available mAb is 
capable of recognising C. parvum oocyst-specific epitopes. Furthermore, the specific 
fluorescence of similar-sized objects and non-specific antibody binding will decrease the accurate 
identification of oocysts (Smith & Rose 1990). 
For these reasons, an underestimation of Cryptosporidium contamination continues to occur, 
as does confusion from the detection of oocysts other than C. parvum, which have no 
significance with respect to human health. 
The isolation and enumeration of waterborne Cryptosporidium oocysts: 
future perspectives based on antibody selection 
Identification of oocysts in water concentrates, based upon the binding of a genus-specific 
monoclonal antibody (mAb) to the oocyst wall and subsequent morphometric analysis, has 
inherent limitations. Whilst this, and other conventional staining methods, are effective for 
identifying the large numbers of recently-voided oocysts present in the faeces of infected 
hosts, both recently-voided and "aged" organisms may be present in water concentrates, often 
in low numbers. The shape of the oocyst wall can vary greatly in environmentally-stressed 
organisms. Physical and biological degradation of the oocyst wall leading to its weakening, 
collapse and/or rupture, together with the spillage, and partial or complete lysis of sporozoites, 
either in the environment or during sample processing, can affect the shape and reactivity of 
mAbs to C. parvum oocysts. This, in turn, reduces the number of oocysts that conform to the 
defined criteria, resulting in the under-reporting of positives. 
Flocculation and flow cytometry 
Much effort has been focused on methods that are more effective in concentrating oocysts from 
the original sample or that make the identification and enumeration of oocysts easier. The 
calcium carbonate floccing method of Vesey et al. (1993) addresses both these criteria. These 
authors reported recoveries of ca. 70% when 10-litre water samples, seeded with oocysts, were 
flocculated, sorted by flow cytometry and identified by fluorescence microscopy. Flow 
cytometers with cell-sorting capabilities can concentrate particles of defined size and 
fluorescence intensity. Fluorescent particles of the size of oocysts can be separated easily from 
the myriad of contaminating debris on such machines, by flow cytometric analysis of FITC-
CmAb-stained samples and sorting of particles by both light-scatter and pre-defined fluorescence 
characteristics (Vesey et al. 1993; Watkins et al. 1995). Fluorescent "sorted" objects are 
automatically deposited on a microscope slide and require confirmation as oocysts by 
microscopy. 
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Immunomagnetisable separation (IMS) 
The principle of concentrating and sorting FITC-CmAb-stained oocysts by 
immunomagnetisable separation (IMS) was investigated initially by Parker & Smith (1994). 
Iron-cored latex beads coated with an anti-FITC mAb were used to separate FITC-CmAb-
stained oocysts using a magnetic particle concentrator, and recovery efficiencies for oocysts 
seeded into water samples ranged from 70 to 100%. Recoveries ranging from 74 to 100% in 
sewage effluent seeded with between 102 and 104 oocysts, and up to 66% in a raw water 
concentrate containing 16 oocysts, were achieved (Parker 1993; Parker & Smith 1994). One 
identified advantage was that an amplification step, the interaction of bead-bound anti-FITC 
mAb with oocyst-bound FITC-CmAb, allowed more beads to adhere to oocysts. 
In a further study undertaken in the author's laboratory, using bead-bound CmAb to 
concentrate C. parvum oocysts by IMS, recoveries of 75 to 100% were achieved from both 1 ml 
and 10 ml volumes of low turbidity (<40 NTU) water seeded with between 3 and 30 oocysts. In 
such samples, the IMS technique appeared to be a significantly better method than both the 
"Blue Book" and flow cytometry methods, for recovering oocysts from both 1 and 10 ml 
samples. Not only were higher recovery efficiencies reported, but variation in recovery 
efficiency was reduced and fewer negative results were reported than with the other two 
techniques. Turbidities greater than 40 NTU, however, reduced recovery efficiency. By diluting 
a water concentrate ten-fold, from a 1 to 10 ml volume, interferences from high turbidity could 
be reduced, as the efficiency of recovery, by IMS, from both 1 and 10 ml volumes of low 
turbidity water, was similar (Campbell & Smith unpublished). 
Such approaches not only reduce the tedium of sample preparation but can also increase 
oocyst isolation efficiency, either by precluding the need to use a clarification step which could 
result in oocyst loss, or by reducing the amount of debris on the microscope slide, making 
oocyst identification easier, or both. Furthermore, in certain situations, these techniques may be 
of particular advantage in facilitating the examination of larger equivalent volumes of water 
concentrates than are analysed at present. For flow cytometry, Vesey et al. (1991) reported a 
time of 5 min for the analysis of a sample equivalent to 1 litre of raw or treated water. 
Fluorescent dyes 
The use of fluorescent dyes which intercalate with identifiable organelles in sporulated oocysts, 
allowing them to be visualised more readily, can offer much required assurance to the 
microscopist when determining whether an object of the correct size, which fluoresces with 
FITC-CmAb, is, in fact, a sporulated oocyst. 
Whilst originally developed as part of a method for assessing the viability of individual C. 
parvum oocysts, using the nucleic acid intercalating fluorogenic vital dyes 4'6-diamidino-2-
phenyl indole (DAPI) and propidium iodide (PI) (Campbell et al. 1992a), DAPI intercalates 
with the nuclei of the four sporozoites within viable and non-viable oocysts. This interesting 
feature was investigated by Campbell et al. (1992b), who demonstrated that fluorescent 
emissions from DAPI-stained sporulated oocysts, labelled with an FITC-CmAb and DAPI, 
could be used as a supplement to identify oocysts. The concept was developed further by 
Grimason et al. (1994) who demonstrated that the inclusion of DAPI, to highlight sporozoite 
nuclei, into the SCA provisional recommended method, provided further adjuncts for the 
identification of both viable and non-viable oocysts, thus fulfilling the criteria laid down in the 
UK SCA provisional recommended method for the detection of Cryptosporidium spp. oocysts 
(Anon 1990b; Smith et al. 1993; Smith 1995, 1996). In the event of an oocyst being distorted, 
the demonstration of up to four fluorescent nuclei in an object of a comparable size to an oocyst 
will assist in its identification. A further advantage was that both FITC-CmAb and DAPI 
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emissions were detected by fluorescence microscopy, which reduced the requirement to attempt 
to determine structures within an oocyst by DIC microscopy. 
Whilst a combination of FITC-CmAb and DAPI-staining offered useful, additional 
information, methods that were used for recording such observations were predominantly 
analogue in nature. The possibility of recording, digitising, analysing and storing fluorescent 
emissions from oocysts was investigated by Campbell et al. (1992b). These workers used a 
cooled charge couple device (CCD), capable of detecting very low light emissions over a broad 
spectral range, to detect fluorescent emissions from oocysts, and identified that CCD has great 
potential for the development of a sensitive, reliable and rapid technique for detecting oocysts. 
The CCD tested offered the dual capabilities of detecting fluorescent emissions (e.g. from FITC, 
DAPI and PI) at low total magnification (x20 to x30), and accurate reconstruction of the spatial 
organisation of a fluorescent oocyst by software, thus providing the means for measuring 
oocysts and their internal features (e.g. sporozoite nuclei) electronically. 
The instigation of an independent electronic reference database to be used in conjunction 
with CCD technology, which would provide conclusive morphological information on oocysts, 
provide quality assurance and instil confidence in oocyst identification for microscopists, and be 
available when necessary to Water Company personnel, has been proposed (Smith et al. 1993; 
Smith 1995). 
Luminescence 
Cooled charge couple devices also offer the possibility of analysing luminescent emissions in 
addition to fluorescent emissions. Substituting the enzyme horseradish peroxidase, which has a 
high catalytic turnover rate, for FITC on CmAb, can have the theoretical advantage of 
increasing the sensitivity of an assay. By catalysing hydrogen peroxide to mediate the 
chemiluminescent conversion of luminol into photons of light, antibody-bound horseradish 
peroxidase can offer an increase in sensitivity over fluorescence. 
Enhanced chemiluminescent (ECL) emissions were used by Campbell et al. (1993) to detect 
C. parvum oocysts seeded into water samples. Positive signals could be detected from small 
numbers of oocysts either in suspension in a 96-well microplate, or air-dried onto microscope 
slides. A theoretical detection limit of 6.25 oocysts was measured by ECL using a microplate 
luminometer, which enabled the simultaneous detection of up to 96 samples in a microplate 
format; however, this format prevented confirmation of results by microscopy. The detection 
limit was found to be as low at two oocysts when samples were dried onto microscope slides 
and exposed to X-ray film, but between 16 and 23% of negative samples were detected as 
positive by ECL (Campbell et al. 1993), the false positives being attributed to the low avidity 
and cross-reactivity of commercially-available CmAbs. 
Current detection systems have the major drawback that all samples, whether oocyst positive 
or negative, have to be read microscopically. Whilst developments in flow cytometry have 
attempted to speed up and automate this procedure, even with a more rapid turn-around time for 
identification and enumeration, the single channel format of such machines dictates that samples 
still have to be analysed consecutively, with sufficient quality assurance to prevent cross-
contamination of samples. Whilst there is no alternative available to the water industry, 
currently, one approach would be to develop a system which would be capable of analysing 
more than one sample simultaneously. Using the 4-well microscope slide format described by 
Campbell et al. (1993), ECL emissions from up to 18 4-well microscope slides can be analysed 
simultaneously on a 240 x 180 mm sheet of X-ray film, and the results are obtained in ca. 10 
min. Oocysts in ECL-positive wells, detected on X-ray film, can be identified by re-probing 
those positive wells with FITC-CmAb and DAPI. In this manner, fluorescent oocysts can be 
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identified microscopically in those wells which produced a positive luminescent signal. A major 
advantage of this technique would be that negative samples, which constitute the majority, 
could be screened rapidly without the need to resort to fluorescence microscopy. 
The isolation and enumeration of waterborne Cryptosporidium oocysts: 
future perspectives based on nucleic acids and biophysical properties 
Whilst the identification methods described in the previous section can be categorised loosely as 
being based upon antibody selection, alternative approaches to detection within the sample 
concentrate are also of interest. Approaches based upon nucleic acid recognition (e.g. 
polymerase chain reaction; fluorescence in situ hybridisation), and upon the biophysics and 
organisation of the oocyst (e.g. dielectrophoresis and electrorotation), have also been 
investigated and put forward as equally effective alternatives to more conventional detection 
methods. 
Nucleic acid-based methods 
Methods based on nucleic acids offer the potential for increased sensitivity and specificity not 
only for screening for pathogens and indicator organisms in water samples (e.g. Bej & 
Mahbubani 1992), but also for detecting the presence of parasite nucleic acids liberated from 
oocysts present in water concentrates. Both an academic quest for knowledge and the potential 
for addressing some outstanding biological issues, such as taxonomy, species identification, 
infectivity, virulence and the species of host which harboured the parasite, at the molecular 
level, have encouraged research into the genome of Cryptosporidium. 
Two approaches to the molecular detection of oocysts are "in vogue" and are being 
investigated, namely: (a) the use of the polymerase chain reaction (PCR) to amplify a specific 
region of parasite nucleic acid defined by oligonucleotide primers, and (b) the identification of 
individual oocysts by fluorescence in situ hybridisation (FISH) using oligonucleotide probes. 
Webster et al. (1993) developed a method, based on PCR amplification of a genus-specific 330 
bp fragment followed by hybridisation of the amplified product to a 30-mer oligonucleotide 
probe and autoradiography, for the detection of small numbers (ca. 20) of C. parvum oocysts. 
Species specificity could be conferred to the reaction if the PCR product was probed with either 
a 280 bp insert probe or the oligonucleotide probe, which distinguished amplified C. parvum 
DNA from amplified C. baileyi DNA respectively. 
The sensitivity of PCR is often compromised when used to detect organisms in environ-
mental samples (e.g. Bej & Mahbubani 1992), thus reducing its usefulness. By combining IMS, 
to capture and concentrate target organisms from crude samples, and then processing them in a 
buffer free of PCR inhibitors, an increase in the sensitivity of detection can be demonstrated in 
a variety of biological systems. Using the method of Webster et al. (1993) we have demon-
strated that the transfer of C. parvum oocysts from the "inhibitory" water concentrate by IMS 
(Parker & Smith 1994), into a non-inhibitory buffer prior to nucleic acid extraction and PCR 
amplification, can overcome such problems, and that a C. parvum-specific band can be detected, 
following Southern blotting, from oocysts isolated from environmental water concentrates 
which were seeded with between two and five oocysts (Smith & Webster unpublished). 
Similarly, Johnson et al. (1995) found that IMS could increase the sensitivity of PCR in 
environmental samples. The primers used by these workers, which hybridise to sequences 
encoding 18s rRNA, are not specific for C. parvum; therefore, further analyses are necessary to 
determine whether the Cryptosporidium oocysts in question have pertinence to human health. 
As further sequences are registered and published, more specific primers should be devised. 
Furthermore, the use of nested PCR, as described for the detection of oocysts in faeces 
(Balatbat et al. 1996), should find application in environmental parasitology. 
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The techniques of fluorescence in situ hybridisation (FISH) and flow cytometry have been 
used to detect C. parvum oocysts. Dependent upon the identification of a specific RNA 
sequence, fluorochrome-labelled oligonucleotide probes, complementary to that sequence, can 
be synthesised. As there is no augmentation step in FISH, sufficient RNA must be present in the 
organism for the fluorescent probe(s) to be detected. Ribosomal RNA (rRNA) is chosen as the 
target for a variety of reasons including its high copy number, its single-stranded nature which 
obviates the need for a denaturation step, and its short half-life. Vesey et al. (1995) used the 
short half-life of rRNA as a surrogate to determine the viability of C. parvum oocysts. Using a 
fluorescent oligonucleotide probe (Euk) complimentary to the 18s rRNA region conserved for 
all eukaryotes, FISH staining of oocysts correlated well with excystation in vitro, but was 
deemed unsuitable for routine analysis because of the commonness of the complementary 
sequence. The benefits of using a combination of a more specific probe and FITC-CmAb(s), for 
morphometric analysis and genus/species specificity, may well parallel those identified recently 
for Giardia cysts (Erlandsen et al. 1994). 
Biophysical/biochemical-based methods 
The organisation of molecules, macromolecules and organelles within a cell, governs form and 
function, and the biophysical/biochemical make-up of organisms is thought to be unique. Whilst 
protozoa are regarded as being a simple form of animal life, they possess a complex and 
specialised anatomy developed, within a single cell, to cope with their immediate environment. 
When exposed to electrical fields, the individuality imparted at the organisational level produces 
identifiable electrical patterns which can be monitored. 
The usefulness of phenomena based on alternating current (AC) electrical fields, such as 
dielectrophoresis and electrorotation, has been assessed for identifying, concentrating and/or 
assessing the viability status of oocysts. 
(a) Dielectrophoresis. Dielectrophoresis describes the motion of neutral particles when exposed 
to a non-uniform AC electric field. Particles become polarised, and the polarisation is dependent 
upon the interaction between the individual make-up of the particle, the conductivity of the 
suspending medium and the frequency range applied. The non-uniform electrical field is applied 
across two electrodes and particles can be attracted to one of the two electrodes or repelled from 
them. By changing the frequency of the applied voltage, the extent of the migration and the 
subsequent collection of particles can be altered. Using a defined frequency range, characteristic 
spectra can be obtained for individual particles. 
Dielectrophoresis has been used to concentrate and study C. parvum oocysts. The electrical 
field is applied across two electrodes so that polarised oocysts migrate towards one or other 
electrode and collect there. The accumulation of oocysts at an electrode is monitored 
microscopically, and their images are captured on videotape (Archer et al. 1993; Quinn et al. 
1995). At present, the technique is not suitable for collecting individual oocysts; however, an 
electrical filter for the abstraction of suspended C. parvum oocysts has been developed (Archer 
et al. 1993; Smith et al. 1993). Discrimination between viable and non-viable organisms would 
be dependent upon the dielectrophoretic "finger-print" spectra being sufficiently different to 
allow for differentiation in collection spectra. Quinn et al. (1995) demonstrated that ozone-
treated, chlorine-treated and untreated oocysts produced different spectra. Oocysts exposed to 
ozone disinfection (1.5 mg l-1 at t0) demonstrated different collection spectra, collecting to a 
greater degree at frequencies below 200 kHz and to a lesser degree at 3 to 10 MHz, when 
compared with their untreated controls. 
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(b) Electrorotation. Whereas dielectrophoresis can be described as the motion imparted on 
electrically neutral, but polarised particles, which are subjected to non-uniform electrical fields, 
electrorotation occurs as a result of rotational torque exerted on polarised particles subjected to 
rotating electrical fields. Both techniques are dependent upon the relative conductive properties 
of the particle and the suspending medium. Pethig and co-workers (e.g. Pethig 1991; Huang et 
al. 1992; Markx et al. 1994) demonstrated that the application of dielectrophoretic and 
electrorotation forces can manipulate individual yeast cells in three dimensions, and that viable 
and non-viable yeast cells can be separated by dielectrophoresis. Based on this interesting work, 
the possibility of characterising oocysts by measuring relative rotational forces induced by AC 
electrical fields, together with the possibility of identifying differences in the AC 
electrodynamics of viable and non-viable organisms, has been suggested (Coghlan 1993). 
Preliminary data are available to support this conclusion for C. parvum oocysts. Smith et al. 
(1994) demonstrated that viable oocysts, as determined by their ability to include the vital 
fluorogenic dye DAPI, to exclude PI and to excyst in vitro, could be made to rotate clockwise 
whilst non-viable oocysts, which included DAPI and PI and would not excyst in vitro, rotated 
counterclockwise at a predetermined frequency range. 
Conclusions 
Despite the limitations in our current isolation and enumeration methods, data accrued from 
point prevalence and other monitoring surveys indicate that Cryptosporidium oocysts are a 
frequent inhabitant of the aquatic environment. Furthermore, the documented outbreaks of 
waterborne cryptosporidiosis identify that Cryptosporidium is an important public health 
concern. The concern regarding the insensitivity of current methods is reflected in the amount of 
research undertaken worldwide to develop more sensitive isolation and detection systems. It is 
apparent that the problems encountered will only be solved by combining effective sampling 
and concentration approaches with recent developments in detection technologies. Much 
depends upon a better understanding of the interactions between the physical, chemical and 
biochemical make-up of water concentrates and the isolation and detection technologies used. 
No single method may be effective across the variety of water types encountered. Chemicals 
and compounds which interfere with or reduce method sensitivity require to be identified and 
the interferences addressed. 
Much effort continues to be directed towards developing more effective methods, with better 
isolation and identification systems being current goals. The variety of technologies reviewed 
indicate that multidisciplinary approaches may offer effective solutions, and apparently diverse 
technologies such as IMS, flow cytometry, in situ PCR and non-uniform AC electrical fields, 
may well become powerful partners in our efforts to understand and address the significance of 
Cryptosporidium oocysts in the aquatic environment. 
Some of the work described herein was conducted in the author's laboratory with funds provided by the 
UK Department of the Environment. 
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